Background. Older coronary patients are at high risk of cardiac disability. Exercise conditioning programs have been demonstrated to improve functional capacity, particularly in younger coronary patients. In this study, the effects of aerobic conditioning on submaximal and maximal indicators of exercise performance were examined in 45 older coronary patients.
10 minutes), with associated decreases in serum lactate, perceived exertion, minute ventilation, heart rate, and systolic blood pressure during steady-state exercise. Respiratory exchange ratio during steady-state exercise, an indicator of substrate utilization, decreased, indicating a shift toward greater use of free fatty acids as a metabolic fuel. In a subset of 10 patients, percent body fat was decreased (32 ±8% to 29±10%) over a period of 3 months.
Conclusions. Older coronary patients respond to aerobic conditioning with remarkable improvements in submaximal endurance capacity, out of proportion to the more modest increases in Vo2max. Activities that were exhaustive before training became sustainable for extended periods of time at a lower perceived exertion. Measurements of serum lactate, respiratory exchange ratio, and ventilation during steady-state exercise document that at an identical absolute work load after conditioning, exercise is performed using aerobic substrate to a greater degree, and ventilatory response to a given work load is lessened. Submaximal exhaustive endurance capacity was determined on the treadmill on a separate day before and after the 3-month and 12-month exercise conditioning programs. After resting data were collected, subjects exercised for 5 minutes at 50% of their previously determined peak Vo2. Without interruption, the exercise intensity was then increased such that by 10 minutes they were exercising at 80% of the peak preconditioning peak Vo2. Exercise was continued until exhaustion or until a duration of 45 minutes had elapsed. Data were collected at 5-minute intervals and included oxygen consumption, venous lactate levels, CO2 production, RER, heart rate, blood pressure, and perceived exertion score (Borg scale 6 to 20).11 Blood samples for lactate determinations were drawn from a plastic catheter in an antecubital vein, and serum was immediately deproteinized with perchloric acid and refrigerated.12 Duration of exhaustive submaximal exercise was specifically determined for 35 of the 45 patients. In 10 patients, exercise at 80% Vo2max was not exhaustive by 45 minutes and was terminated. After the conditioning program, patients were restudied during submaximal exercise on the treadmill using the same absolute work loads as preconditioning.
Training Protocol
Patients then entered a 12-week, 3-hour-per-week protocol of telemetry-monitored treadmill, stationary bicycle, and rowing ergometer exercise with intensity levels guided by exercise heart rate, which initially was monitored at 75% to 85% of maximal heart rate. Because older coronary patients frequently do not reach a true physiologically maximal effort during postcoronary event exercise testing,6 training intensity was increased to 85% to 90% of maximal heart rate attained during the preconditioning stress test after the initial 2 weeks of training rather than the more commonly recommended range of 70% to 85% of maximal heart rate. Treadmill exercise lasted 25 minutes per session, bicycle exercise 15 minutes, and rowing ergometer 10 minutes per session, preceded and followed by warmup, stretching, and cool-down. Modifications of the program for particularly unfit patients (n=3) were minor and included more intermittent bouts of exercise on an apparatus rather than continuous exercise. Patients with hip or knee arthritis performed a greater proportion of their exercise on the cycle and rowing ergometers. A subset of 11 patients agreed to continue their exercise program for an additional 9 months and were then retested as at baseline and 3 months. The age and baseline peak Vo2 of these patients did not differ from the patients who trained just for 3 months; age was 68.1+5.9 versus 68.5±5.6 years (P=.82), and peak Vo2 was 20.2±6.9 versus 19.0±4.8 mL * kg-. min`( P=.51).
No coronary events occurred in this group during the 9-month period.
Body Composition
Body composition was determined by the skin-fold technique in a subset of 10 patients before and after 3 months of conditioning with calculation of percent body fat, fat weight, and fat-free weight.13 Skin-folds were taken from the triceps, subscapular, biceps, and abdominal sites. All skin-fold measurements were taken by the same investigator according to recent recommendations.14 The reliability coefficient and the coefficient of variation for repeated measurements of skin-folds in our laboratory in At rest, heart rate, systolic blood pressure, and serum lactate were unaltered after 3 months of conditioning, whereas after 12 months of conditioning, resting heart rate and systolic pressure were lowered compared with baseline ( Table 2) . During the preconditioning submaximal exercise protocol, actual exercise intensity at 5 minutes of exercise was measured at a mean work load of 58±17% peak Vo2. At 3 months' conditioning, the identical absolute work load corresponded to 50+8% of the postconditioning peak Vo2, and at 12 months' conditioning, the same absolute work load corresponded to 46±7% of the peak Vo0 at 1 year. At 3 and 12 months' conditioning, heart rate, serum lactate, and perceived exertion score were all lower at the identical low submaximal work load (P<.05). Submaximal systolic blood pressure at this work load was unaltered. Similarly, at 10 minutes of exercise at a work intensity of 79±14% of preconditioning peak Vo2 and at each 5-minute data collection interval until exhaustion, heart rate, serum lactate, and perceived exertion scores were lower at 3 months' and 12 months' conditioning compared with baseline (P<.05; Table 2 , Figures 1 and 2 ).
RER, oxygen consumption, CO2 production, and minute ventilation were measured in all patients at 15 minutes of the steady-state submaximal protocol before and after the conditioning program (Table 3) . A lower RER during steady-state exercise after 3 and 12 months' conditioning reflects a shift toward increased utilization of free fatty acids as metabolic fuel during endurance exercise. Both CO2 production and minute ventilation were reduced at identical work loads after conditioning, as was oxygen consumption ( Changes in maximal oxygen uptake after conditioning programs in coronary patients have been attributed to both cardiac and peripheral adaptations.4,5 Changes in submaximal endurance capacity, however, appear to be primarily a result of increases in skeletal muscle oxidative capacity rather than changes in cardiac output or skeletal muscle blood flow,17'18 resulting in an increased capacity to process oxidative substrate, primarily free fatty acids. Preliminary data from our laboratory support this concept, because in a subset of our older population, we have demonstrated that after 3 months of aerobic conditioning, arteriovenous oxygen difference during exercise is increased and is associated with an increased activity of skeletal muscle oxidative enzyme activity (succinyl dehydrogenase), whereas maximal cardiac output and maximal calf blood flow were unchanged.19 Previous conditioning studies of younger and older healthy subjects demonstrate that lactate reduction during steady-state exercise at a similar relative work load is dissociated from increases in Vo2max, suggesting that a mechanism other than that responsible for an increased maximal aerobic capacity is responsible. 20 Performance during a submaximal exercise protocol reflects the capacity to sustain daily activities for extended periods of time and in this sense is a more important clinical indicator of training than changes in maximal performance. In this study of older coronary patients, a group at high risk of disability, remarkable improvements in submaximal endurance were demonstrated, with physiological confirmation of lower serum lactate levels and favorable alterations of substrate utilization (to using more fat) during steady-state exercise. Activities that were exhaustive before training became sustainable for extended periods after conditioning, and perceived exertion of work was lower. Almost all activities performed on a daily basis are performed at a submaximal level. These results strongly imply an increased functional independence after conditioning, since all activities are subsequently performed at a lower percentage of maximal capacity. Accordingly, exercise conditioning can be considered to have potent therapeutic benefits in older patients recovering from myocardial infarction and coronary bypass surgery.
